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(57)Abstract 

PROBLEM TO BE SOLVED: To suppress the spread of the high density 
dislocation generated on the interface between a substrate and a growth 
layer to growth direction by a method wherein a cubic crystal distortion 
layer, having a substantial growth surface (111], is provided between the 
growth substrate of a semiconductor element having an element part 
consisting of a hexagonal crystal semiconductor. 

SOLUTION: A cubic crystal type n-GaN layer 1 1, having a growth surface, 
is formed on a sapphire substrate 10, and a distorted superlattice layer 12, 
on which an n-GaN layer and an n-HIGaN layer are alternately frown in 
critical film thickness or less, if formed thereon* An n-GaN layer 13, a clad 
layer 14, an active layer 15, a clad layer 16 and a contact layer 17 are 
successively grown thereon. Most of the dislocation of the high density 
generated by the lattice dismatching on the interface between the n-GaN 
layer 11 and the sapphire substrate 10 is changed its propagation 
direction by the distorted superlattice layer 12, and the propagation to the 
growth direction of transposition of high density generated on the 
interface between the substrate and the growth layer can be suppressed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by preparing the distorted layer of the cubic mold which has a 
substantial {11 1} growth side between a growth substrate and said component section in the semiconductor device which 
has the component section which consists of a semi-conductor of a hexagonal mold. 

[Claim 2] The semiconductor device characterized by preparing the strained layer superlattice of the cubic mold which has 
the substantial (1 1 1} growth side which includes the growth side which has less than 30 inclinations from (1 1 1) sides 
between a growth substrate and said component section in the semiconductor device which has the component section 
which consists of a semi-conductor of a hexagonal mold. 



[Translation done.] 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which consists of a compound semiconductor 

containing nitrogen, such as a semiconductor device especially GaN, AIGaN, and InGaN. 

[0002] 

[Description of the Prior Art] In order to aim at improvement in the recording density of an optical disk, and improvement 
in the resolution of a laser beam printer in recent years, the semiconductor laser (LD) in which luminescence with short 
wavelength is possible is demanded. As semiconductor laser of short wavelength, the property improvement also of which 
of reading of a disk and writing is carried out even at possible level, and 600nm band light source by the InGaAlP ingredient 
is already put in practical use. Aiming at the further improvement in recording density, development of blue semiconductor 
laser is performed briskly. 

[0003] In such development, development to which the bluish green color semiconductor laser using the ZnSe system 
ingredient which is an II— VI group compound semiconductor has aimed at utilization, such as reinforcement and 
improvement in dependability, since oscillation actuation was checked is performed briskly. 

[0004] However, by this ingredient system, it is becoming clear that the obstruction to utilization — the life from which 
the rearrangement produced according to the grid mismatching difference and coefficient-of-thermal-expansion difference 
between the substrate for growth and the growth phase which has the component section increases by energization, and 
dependability is not acquired is short — is expensive. 

[0005] On the other hand, short-wavelength-izing is still more possible for GaN system semiconductor laser than a ZnSe 
system in ingredient, and also about dependability, since it is hardening in ingredient compared with a ZnSe system, it is 
expected as a promising ingredient Although the rearrangement of 108 -1010cm-2 exists by this ingredient system, the 
dependability of 10,000 hours or more is checked in LED, and researches and developments of the blue semiconductor 
laser which fulfills the conditions which need current for the next-generation optical disc system light source are done 
briskly. 

[0006] By LED, existence of the rearrangement of 108 -1010cm-2 does not pose a big problem as mentioned above. 
However, in LD which needs high current consistency impregnation, existence of the rearrangement of said high density of 
108 -1010cm-2 becomes the cause of reducing dependability. 

[0007] By the way, the GaN system semiconductor device generally used as LED and LD now is formed on silicon on 
sapphire, and consists of a hexagonal mold (wurtzite mold) semi-conductor. Many results that the hexagonal mold of the 
crystal of a GaN system is more advantageous in respect of crystal quality as a GaN crystal for obtaining LED and the 
object for LD the place which is the former although a hexagonal mold and a cubic mold exist are reported. 
[0008] Drawing 9 is the sectional view showing the outline structure of the conventional GaN system semiconductor 
device. The rearrangement in a hexagonal mold crystal is (101-0) (1(11-00)- expresses the in berth of 1.), below the same 
— etc. — since it is the easiest to produce a skid on the cylindrical surface, the rearrangement of the high density of 
108-101 0cm-2 produced by the grid mismatching between silicon on sapphire and a GaN layer as shown in drawing 9 
spreads in the growth direction (a growth side and perpendicular direction), and penetrates to a front face to a barrier 
layer pan, 

[0009] Therefore, since the rearrangement of the high density of 108 -1010cm-2 exists in a barrier layer, crystallinity is 
bad, and it poses a problem that propagation of a rearrangement and growth arise by high current consistency 
impregnation in the case of LD etc., in order to reduce the dependability of a component. 

[0010] In order to secure the dependability of GaN system semiconductor laser, it is important to reduce the consistency 
of the rearrangement generated in the interface of a substrate and a growth phase or not to make a barrier layer spread 
the rearrangement of the high density of 108 -1010cm-2 which recognizes current existence. 
[0011] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the semiconductor device of hexagonal molds including 
the conventional nitride system semiconductor device, since it is the easiest to spread the rearrangement generated in 
the interface of a substrate and a growth phase in the growth direction (a growth side and perpendicular direction), the 
rearrangement once produced in the interface will penetrate the component section as it is. and will escape from it on a 
growth phase front face. Especially in the case of the GaN system LD, the rearrangement of the high density of 108 - 
1010cm-2 spread to the barrier layer which is a component core, and there was a problem of reducing the dependability of 
a component by high current consistency impregnation. 

[0012] This invention was made in consideration of the above-mentioned situation, and aims at offering the semiconductor 
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device which can secure the dependability of a component by having structure which does not penetrate the 
rearrangement generated in the interface of a substrate and a growth phase to a component core (it is a barrier layer in 
the case of a light emitting device). 
[001 3] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention corresponding to 
claim 1 is the semiconductor device which prepared the distorted layer of the cubic mold which has a substantial (1 1 1} 
growth side between a growth substrate and the component section first in the semiconductor device which has the 
component section which consists of a semi-conductor of a hexagonal mold. 

[0014] Next, invention corresponding to claim 2 is the semiconductor device which prepared the strained layer superlattice 
of the cubic mold which has a substantial {111} growth side including the growth side which has less than 30 inclinations 
from [1 1 1} sides between a growth substrate and the component section in the semiconductor device which has the 
component section which consists of a semi-conductor of a hexagonal mold. 

(Operation) Thereby, according to the semiconductor device of invention corresponding to claim 1, the propagation to the 
growth direction of the rearrangement of the high density generated in the interface of a substrate and a growth phase 
can be first controlled by preparing the distorted layer of the cubic mold which has a {111} growth side in the lower part of 
the semiconductor device core of a hexagonal mold. 

[0015] That is, when the rearrangement from a substrate reaches a distorted layer, most rearrangements fall out to a 
semiconductor device flank by the skid in the {111} sides which are a sliding surface of a cubic mold crystal. 
[0016] Therefore, the dependability of a component is securable by having structure which does not penetrate the 
rearrangement generated in the interface of a substrate and a growth phase to a component core (it is a barrier layer in 
the case of a light emitting device). 

[0017] In addition, although it may be a distorted layer of a monolayer, this distorted layer is much more effective, if a 
strained layer superlattice layer is used, for example. Next, in the semiconductor device of invention corresponding to 
claim 2, the growth side which has less than 30 inclinations from {111} sides, such as a {112} growth side and a {113} 
growth side, is included in the substantial {111} growth side. Even if there is an inclination of extent less than 30 degrees 
from [1 11} sides, it works enough and the above-mentioned derearrangement effectiveness by the skid in {1 1 1} sides acts 
like a semiconductor device according to claim 1. 

[0018] In addition, as a means to solve the technical problem mentioned above, the following contents besides the above- 
mentioned means are also included. 

(1) Said component section is a semiconductor device according to claim 1 or 2 characterized by consisting of a 
compound semiconductor containing nitrogen, such as GaN, AIGaN, and InGaN. 

(2) It is the semiconductor device which is equipped with the semi-conductor layer of the cubic mold which has a 
substantial {111} growth side between a growth substrate and said component section in the semiconductor device which 
has the component section which consists of a semi-conductor of a hexagonal mold, and is characterized by being a mist 
straw paddle layer from other semi-conductor layers which the cubic type concerned of semi-conductor layer touches in 
said component section side. 

(3) It is the semiconductor device which is equipped with the semi-conductor layer of the cubic mold which has a 
substantial {111} growth side between a growth substrate and said component section in the semiconductor device which 
has the component section which consists of a semi-conductor of a hexagonal mold, and is characterized by the cubic 
type concerned of semi-conductor layer being a layer harder than other semi-conductor layers which touch in said growth 
substrate side. 

[0019] In addition, although the derearrangement effectiveness is fully acquired even when a monolayer is used as a semi- 
conductor layer of a cubic mold, as shown in the above (2) or (3), the case of the strained layer superlattice used 
combining the semi-conductor layer of each cubic mold in (2) and (3) can decrease a rearrangement most effectively 
[0020] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a detail with reference to a 
drawing. 

(Gestalt of implementation of the 1st of invention) Drawing T is the sectional view showing the outline configuration of the 
GaN system blue semiconductor laser equipment which applied the semiconductor device concerning the 1st operation 
gestalt of this invention. 

[0021] In this semiconductor laser equipment, it is formed on silicon on sapphire 10. On silicon on sapphire 10, the n-GaN 
layer 1 1 (Si dope, 3-5x101 8cm-3) of the cubic mold (sphalerite mold) which has a growth side first (1 1 1) is grown up at 
650 degrees C by metal-organic chemical vapor deposition (MOCVD law). 

[0022] The strained layer superlattice layer 12 (Si dope, 3-5x101 8cm-3) which grows a n-GaN layer and a n-AIGaN layer 
by turns below by critical thickness on it is grown up at 650 degrees C. By making it grow up on the same conditions on 
the n-GaN layer 11 of the sphalerite mold which has a growth (111) side, this strained layer superlattice layer 12 turns 
into a strained layer superlattice layer of the sphalerite mold which has the same (111) growth side. 
[0023] Next, the n-GaN layer 13 (an Si dope) which has a hexagonal mold (wurtzite mold) on the strained layer 
superlattice layer 12 by adjusting growth conditions 3-5x1018cm-3 is formed and it is the n-aluminum0.5 Ga0.5 N cladding 
layer 14 (an Si dope) of a wurtzite mold succeedingly. 5x101 7cm - 3 and 0.15 micrometers of thickness, the GaN barrier 
layer 15 (undoping) 0.1 micrometers of thickness, the p-aluminum0.5 Ga0.5 N cladding layer 16 (3 Mg dope, 0.15 
micrometers of 5x1 01 7cm - thickness), and the GaN contact layer 17 (3 Mg dope. 0.1 micrometers of one to 3x1 01 8cm - 
thickness) are grown up at 1 150 degrees C one by one. Here, control of the crystalline form to the wurtzite mold crystal 
from a sphalerite mold crystal is performed by control of the flow rate of the ammonia which is growth temperature and 
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hydrogen, nitrogen carrier gas, and a nitrogen raw material. 

[0024] Moreover, although not illustrated especially, between the n-GaN layer 11 and silicon on sapphire 10, the AIN buffer 
layer which carried out low-temperature growth at 550 degrees C at the time of MOCVD growth is prepared. 
[0025] Furthermore, the p lateral electrode 18 is formed in GaN contact layer 17 top face, and the n lateral electrode 19 is 
formed in the top-face part to which the laminating of the n-AIGaN cladding layer 14 on the n~GaN layer 13 is not carried 
out. Thus, the blue semiconductor laser equipment concerning this operation gestalt was obtained. 

[0026] About the blue semiconductor laser equipment of the above-mentioned configuration, most rearrangements of the 
high density of 108 -1010cm-2 generated by grid mismatching in the interface of silicon on sapphire 10 and the n-GaN 
layer 11 when the transmission electron microscope performed component observation from a cross section are changing 
propagation in the strained layer superlattice layer 12 prepared by this invention, and it was checked that the dislocation 
density in a barrier layer 15 is decreasing even to the 103 cm~3 set, 

[0027] Thus, why dislocation density decreases is explained using drawing 2 . Drawin g 2 is a mimetic diagram explaining 
signs that a rearrangement falls out in the semiconductor device of this operation gestalt. 

[0028] When the rearrangement which spreads the inside of a semi-conductor tends to go into a hard semi-conductor 
layer relatively from a soft semi-conductor layer, advance of the rearrangement propagation will be obstructed and it will 
change the propagation direction. Drawing 2 showed this situation. 

[0029] In the n-GaN layer and n-AIGaN layer which constitute the strained layer superlattice layer 12, it compares with a 
n-GaN layer and the n-AIGaN layer is a hard layer. Therefore, as shown in this drawing, a rearrangement 70 will change 
the propagation direction horizontally in the location which is going to go into a n-GaN layer from a n-AIGaN layer. 
[0030] Specifically, that the sliding surface of a cubic mold crystal is a field (111) requires that modification of such a 
rearrangement propagation direction takes place. That is, by having formed the strained layer superlattice layer 12 which 
consists of the n-GaN layer and n-AIGaN layer of the sphalerite moid which has a growth (111) side between the 
substrate and the barrier layer Since it becomes the easiest to slide the field which is a sliding surface of a cubic mold 
crystal (111), and on a field parallel (1 1 1 ) to distortion to [ of a strained layer superlattice ] a growth side moreover on 
most rearrangements generated in the interface of silicon on sapphire 10 and the n-GaN layer 11, Propagation can be bent 
and it is thought that it escapes on the side face (the growth direction and perpendicular direction) of a component. 
[0031] The dislocation density of the semi-conductor layer containing the barrier layer 15 after the n-GaN layer 13 which 
contains a barrier layer 15 by this as described above decreases sharply. Room temperature continuous oscillation of the 
semiconductor laser equipment produced as mentioned above was carried out with the threshold of 150mA. Oscillation 
wavelength was 365nm and operating voltage was 10V. 

[0032] As mentioned above, according to the semiconductor device concerning the gestalt of operation of the 1st of this 
invention Since the propagation to the growth direction of the rearrangement of the high density which prepared the 
strained layer superlattice layer of the cubic mold which has a growth (111) side in the lower part of the semiconductor 
device core of a hexagonal mold etc., and was generated in the interface of a substrate and a growth side was controlled 
In the barrier layer section, even 103 cm-2 can be decreased by the strained layer superlattice, and dependability can 
raise sharply the rearrangement of 108 -1010cm-2 generated in the interface of a substrate and a growth phase in GaN 
system blue semiconductor laser. 

[0033] That is, in the GaN system blue semiconductor laser of structure explained with the conventional technique, even if 
laser oscillation actuatio n was checked by existence of 108 —1010cm— 2 generated in the interface of a substrate and a 
growth phase to see laser oscillation was difficult, the dependability of a component was not acquired — a component is 
destroyed by high current consistency impregnation from the life of operation for several seconds or several minutes. 
[0034] On the other hand, although the point that operating voltage was high remained as it was, in the above-mentioned 
semiconductor device produced according to the contents of this operation gestalt, the life of operation was prolonged by 
100 to 1000 times over the past and its dependability of a component improved sharply by it. (Gestalt of implementation 
of the 2nd of invention) as the 2nd operation gestalt — the 1st operation gestalt — the same — MOCVD — the blue 
semiconductor laser component which was produced by law and from which structure differs a little is explained. 
[0035] Drawing 3 is the sectional view showing the outline configuration of the GaN system blue semiconductor laser 
equipment which applied the semiconductor device concerning the 2nd operation gestalt of this invention. In this GaN 
system blue semiconductor laser equipment, a GaN buffer layer (not shown) is prepared at 550-degree C low temperature 
on silicon on sapphire 20, and the n-GaN layer 21 (Si dope, 3-5x101 8cm-3) of the cubic mold (sphalerite mold) which has 
a growth side first (111) like the case of the 1st operation gestalt on it is grown up at 750 degrees C. 
[0036] Furthermore, the n-GaN/n-InGaN strained layer superlattice layer 22 (Si dope, 3-5x1018cm-3) of the sphalerite 
mold which has a growth side the same (1 11) on the n-GaN layer 21 is grown up at 750 degrees C. 

[0037] Next, the n-GaN layer 23 (an Si dope) which has a hexagonal mold (wurtzite mold) 3-5x1 01 8cm-3 is formed, and it 
continues, and is the n-aluminum0.5 Ga0.5 N cladding layer 24 (Si doping). 5x101 7cm - 3 and 0.3 micrometers of thickness, 
the GaN optical confinement layer 25 (undoping) 0.2 micrometers of thickness, the In0.1 Ga0.9 N multiplex quantum well 
barrier layer 26, the GaN optical confinement layer 27 (undoping) 0.2 micrometers of thickness, the p-a!uminum0.5 Ga0.5 N 
cladding layer 28 (3 Mg dope, 0.3 micrometers of 5x1 01 7cm - thickness), and the GaN contact layer 29 (3 Mg dope, 0.1 
micrometers of one to 3x1018cm - thickness) are grown up at 1150 degrees C one by one. 

[0038] Furthermore, the p lateral electrode 30 is formed in GaN contact layer 29 top face, and the n lateral electrode 31 is 
formed in the top-face part to which the laminating of the n-AIGaN cladding layer 24 on the n-GaN layer 23 is not carried 
out Thus, the blue semiconductor laser equipment concerning this operation gestalt was obtained. 
[0039] Also in this bl ue semiconductor laser equipment, the dislocation density of a barrier layer 26 was fully reduced. 
Next, oscillation actuation of the blue semiconductor laser equipment of the above-mentioned configuration is explained. 
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[0040] With the component of this structure, continuous oscillation was carried out to 50 degrees C with the threshold of 
75mA. Oscillation wavelength checked 395nm by 7V, and operating voltage checked the operational stability by 5000 
hours. Since the strained layer superlattice layer of the cubic mold which has a growth (111) side in the lower part of the 
semiconductor device core of a hexagonal mold etc. was prepared like the case of the 1st operation gestalt according to 
the semiconductor device concerning the gestalt of operation of the 2nd of this invention as mentioned above, the same 
effectiveness as the case of the 1st operation gestalt was acquired. 

(Gestalt of implementation of the 3rd of invention) The case where the same GaN system semiconductor laser as the 1 st 
and 2nd operation gestalt is formed as 3rd operation gestalt on the GaAs substrate which is the m-V group compound 
semiconductor of a cubic mold (sphalerite mold), and is widely used for the optical device, the electron device, etc. is 
explained. 

[0041] Drawing 4 is the sectional view showing the outline configuration of the GaN system blue semiconductor laser 
equipment formed on the GaAs substrate which applied the semiconductor device concerning the 3rd operation gestalt of 
this invention. In this GaN system blue semiconductor laser equipment, the n-GaN layer 41 (Si dope, 3-5x1 01 8cm-3) of 
the cubic mold (sphalerite mold) which has a growth (1 1 1) side is first grown up at 550 degrees C by metal-organic 
chemical vapor deposition (MOCVD law) on the n-GaAs (111) substrate 40 of a cubic mold (sphalerite mold). 
[0042] The strained layer superlattice layer 42 (Si dope, 3-5x101 8cm~3) into which the n-GaN layer and the n-InGaN 
layer were grown up by turns below by critical thickness on it is formed. This strained layer superlattice layer 42 also 
serves as a sphalerite mold which has the same (111) growth side. 

[0043] Next, in 750 degrees C, the flow rate of hydrogen, nitrogen carrier gas, and ammonia is changed. The n-GaN layer 
43 (Si dope, 3-5x101 8cm-3) which has a hexagonal mold (wurtzite mold) is formed. Then, the n-aluminum0.5 Ga0.5 N 
cladding layer 44 (an Si dope) of a wurtzite mold 5x1 01 7cm - 3 and 0.2 micrometers of thickness, the In0.1 Ga0.9 N barrier 
layer 45 (undoping) 200A of thickness, the p-aluminum0.5 Ga0.5 N cladding layer 46 (3 Mg dope, 0.2 micrometers of 
5x1017cm - thickness), and the GaN contact layer 47 (3 Mg dope, 0.1 micrometers of one to 3x1018cm - thickness) are 
grown up at 750 degrees C one by one. 

[0044] The dependability of the double hetero structured division 51 as each class which consists of the n-GaN layer 43, 
the n-AIGaN layer 44, the InGaN barrier layer 45, a p-AIGaN layer 46, and a GaN contact layer 47 here, i.e., the 
component section, of a component property improves with constituting from a hexagonal mold more stable than a cubic 
mold. 

[0045] moreover, Si02 constituted in this semiconductor laser equipment on the disk which has opening from — the 
becoming current constriction layer 48 is formed on the GaN contact layer 47, and the p lateral electrode 49 is formed so 
that it may contact the GaN contact layer 27 and directly through the above-mentioned opening further. On the other 
hand, the n lateral electrode 50 is formed in the n-GaAs substrate 20 bottom. 

[0046] It was checked that most rearrangements produced in the interface of the GaAs substrate 40 and the n-GaN layer 

41 could change propagation as a result of producing a skid on a growth (111) side by the strained layer superlattice layer 

42 prepared in this operation gestalt, and it has fallen out on the component side face (the growth direction and 
perpendicular direction) like the case of the 1st operation gestalt about the blue semiconductor laser equipment of the 
above— mentioned configuration when a transmission electron microscope performs component observation from a cross 
section. The dislocation density in a barrier layer 45 was decreasing even to the 103 cm-3 set 

[0047] Next, oscillation actuation of the blue semiconductor laser equipment of the above— mentioned configuration is 
explained. Continuous oscillation of the semiconductor laser equipment which has the double hetero structure of this 
example was carried out to 80 degrees C with the threshold of 45mA. Oscillation wavelength checked 395nm by 4V, and 
operating voltage checked the operational stability by 7000 hours. 

[0048] As mentioned above, according to the semiconductor device concerning the gestalt of operation of the 3rd of this 
invention Since the strained layer superlattice layer of the cubic mold which has a growth (111) side in the lower part of 
the semiconductor device core of a hexagonal mold etc. was prepared like the case of the 1st operation gestalt and also it 
enabled it to pass a current in the direction of a substrate, using the GaAs substrate 40 as a substrate The same 
effectiveness as the case of the gestalt of the 1st operation is acquired, and also it can make it low to improve in respect 
of component resistance, i.e., resistance, especially by this laser. 

[0049] Although resistance becomes high in the case where an insulating substrate is used like the 1st operation gestalt 
like the conventional technique that is, since it becomes the method which pours in a current from a longitudinal direction, 
when a conductive substrate is used like this operation gestalt, it is possible to pass a current in the direction of a 
substrate, and component resistance is improved remarkably. 

[0050] That is, conventionally, by the GaN system blue semiconductor laser of structure, most rearrangements of the high 
density generated in the interface of a substrate and a growth phase had spread to the InGaN barrier layer 45, with it 
being high resistance, the life of a component of operation is about several minutes, and dependability was not conjointly 
acquired by high current consistency impregnation for laser oscillation. 

[0051] However, in the case of this operation gestalt, by the reduction in the dislocation density of a barrier layer 45, and 
low resistance-ization, the life of operation was prolonged by about 7000 times over the past, and the dependability of a 
component improved sharply. 

(Gestalt of implementation of the 4th of invention) The gestalt of this operation shows the case where the distorted layer 
of a monolayer is used. 

[0052] Drawing 5 is the sectional view showing the outline configuration of the GaN system blue semiconductor laser 
equipment which applied the semiconductor device concerning the 4th operation gestalt of this invention, gives the same 
sign to the same part as drawing 1 , and omits the explanation. 
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[0053] Replaced with the strained layer superlattice layer, and the InGaN layer 71 of a cubic mold was formed, and also 
this GaN system blue semiconductor laser equipment is constituted like the 1st operation gestalt. This InGaN layer 71 is 
compared with the n-GaN layer 13, it is a soft layer, by this, as shown in drawing 6 , a rearrangement escapes from it, and 
the dislocation density of a barrier layer 15 is low. 

[0054] Drawing 6 is a mimetic diagram explaining signs that a rearrangement falls out in the semiconductor device of this 
operation gestalt In this drawing, if the rearrangement 70 which spreads up the inside of the InGaN layer 71 which is a 
soft layer approaches the n-GaN layer 13 which is a hard layer, it will produce a skid on a growth (111) side, and can 
change the propagation direction, and the rearrangement 70 concerned will escape from a semiconductor device flank 
[0055] Since according to the semiconductor device concerning the gestalt of operation of the 4th of this invention it had 
the same configuration as the case of the 1st operation gestalt, and also it replaced with the strained layer superlattice 
layer and the InGaN layer 71 of a cubic mold was formed as mentioned above, low dislocation density-ization of a barrier 
layer can be attained like the case of the gestalt of the 1st operation. 

(Gestalt of implementation of the 5th of invention) The gestalt of this operation shows the case where the distorted layer 
of a monolayer is used. 

[0056] Drawing 7 is the sectional view showing the outline configuration of the GaN system blue semiconductor laser 
equipment which applied the semiconductor device concerning the 5th operation gestalt of this invention, gives the same 
sign to the same part as drawing 1 , and omits the explanation. 

[0057] Replaced with the strained layer superlattice layer, and the AIGaN layer 72 of a cubic mold was formed, and also 
this GaN system blue semiconductor laser equipment is constituted like the 1st operation gestalt. This AIGaN layer 72 is 
compared with the n-GaN layer 11, it is a hard layer, by this, as shown in drawing 8 , a rearrangement escapes from it, and 
the dislocation density of a barrier layer 15 is low. 

[0058] Drawing 8 is a mimetic diagram explaining signs that a rearrangement fells out in the semiconductor device of this 
operation gestalt In this drawing, if the rearrangement 70 which spreads up the inside of the n-GaN layer 11 which is a 
soft layer approaches the AIGaN layer 72 which is a hard layer, it will produce a skid on a growth (111) side, and can 
change the propagation direction, and the rearrangement 70 concerned will escape from a semiconductor device flank. 
[0059] Since according to the semiconductor device concerning the gestalt of operation of the 5th of this invention it had 
the same configuration as the case of the 1st operation gestalt, and also it replaced with the strained layer superlattice 
layer and the AIGaN layer 72 of a cubic mold was formed as mentioned above, low dislocation density-ization of a barrier 
layer can be attained like the case of the gestalt of the 1st operation. 

[0060] In addition, in each above-mentioned operation gestalt, although hexagonal mold silicon on sapphire and a cubic 
mold GaAs substrate were used as the substrate, this invention is not limited to this, and even when SiC, Si, ZnO, a spinel, 
neodium gallate (NdGa03, NGO), etc. are used as a substrate, it can be applied similarly. 

[0061] Moreover, in the case of crystal growth like the above 1st 2nd, 4th, and 5th operation gestalt. generally, the field 
(0001) of a sapph ire substrate is used as a growth side, but this invention is not restricted to this and can use various 
fields, such as a field (01 1-2) of a sapphire substrate. 

[0062] Furthermore, with each above-mentioned operation gestalt, in the case of a {111] growth side, the layer of a sake 
without [ of the superlattice layers 12, 22, and 42, the InGaN layer 71, and AIGaN layer 72 grade ] a rearrangement was 
explained, but this invention is not restricted in this case. For example, if it is the field which has the inclination of extent 
less than 30 degrees from {1 1 1} sides, such as (112} sides and {113} sides, the rearrangement omission effectiveness by 
the skid in the field which is a sliding surface of a cubic mold crystal (111) can fully be demonstrated, and, also in such a 
case, it is contained in the range of this invention. In addition, although (111) explained as an expression of the crystal face 
with each operation gestalt, it cannot be overemphasized that the same effectiveness can be acquired also by the case of 
{111}. 

[0063] This invention can be applied not only to a semi-conductor light emitting device but to the electron device fields, 
such as a photo detector and a transistor, further again as a semi-conductor layer which has a hexagonal mold, in addition, 
in the range which is not limited to the gestalt of each above-mentioned implementation, and does not deviate from the 
summary, many things are boiled and this invention can be deformed 
[0064] 

[Effect of the Invention] Since according to this invention the semi-conductor layer of the cubic mold which has a growth 
(111) side in the lower part of the semi-conductor layer of a hexagonal mold is prepared and the propagation to the growth 
direction of a rearrangement was controlled as explained above, as the rearrangement generated in the interface of a 
substrate and a growth phase is not penetrated to a component core (it is a barrier layer in the case of a light emitting 
device), the semiconductor device which can secure the dependability of a component can be offered. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the outline configuration of the GaN system blue semiconductor laser equipment 
which applied the semiconductor device concerning the 1st operation gestalt of this invention. 

[Drawing 2] The mimetic diagram explaining signs that a rearrangement falls out in the semiconductor device of this 
operation gestalt. 

[Drawing 3] The sectional view showing the outline configuration of the GaN system blue semiconductor laser equipment 
which applied the semiconductor device concerning the 2nd operation gestalt of this invention. 

[Drawin g 4] The sectional view showing the outline configuration of the GaN system blue semiconductor laser equipment 
formed on the GaAs substrate which applied the semiconductor device concerning the 3rd operation gestalt of this 
invention. 

[Drawing 5] The sectional view showing the outline configuration of the GaN system blue semiconductor laser equipment 
which applied the semiconductor device concerning the 4th operation gestalt of this invention. 

[Drawing 6] The mimetic diagram explaining signs that a rearrangement falls out in the semiconductor device of this 
operation gestalt. 

[Drawing 7] The sectional view showing the outline configuration of the GaN system blue semiconductor laser equipment 
which applied the semiconductor device concerning the 5th operation gestalt of this invention. 

[Drawing 81 The mimetic diagram explaining signs that a rearrangement falls out in the semiconductor device of this 
operation gestalt. 

[Drawing 9] The sectional view showing the outline structure of the conventional GaN system semiconductor device. 
[Description of Notations] 

10 — Silicon on sapphire (hexagonal mold) 

11 — Sphalerite mold n-GaN layer (crystal-defect consistency: about 108-1010cm- 2) 

12 — Sphalerite mold n-GaN/n-AIGaN strained layer superlattice layer 

13 — Wurtzite mold n-GaN layer 

14 — Wurtzite mold n-AIGaN cladding layer 

15 — Wurtzite mold undoping GaN barrier layer 

16 — Wurtzite mold p-AIGaN cladding layer 

17 — Wurtzite mold p-GaN contact layer 

18 — p lateral electrode 

19 — n lateral electrode 

20 — Silicon on sapphire (hexagonal mold) 

21 — Sphalerite mold n-GaN layer (crystal-defect consistency: about 108-101 Ocm- 2) 

22 — Sphalerite mold n-GaN/n-InGaN strained layer superlattice layer 

23 — Wurtzite mold n-GaN layer 

24 — Wurtzite mold n-aluminum0.5 Ga0.5 N cladding layer 

25 — Wurtzite mold GaN optical confinement layer 

26 — Wurtzite mold In0.1 Ga0.9 N multiplex quantum well barrier layer 

27 — Wurtzite mold GaN optical confinement layer 

28 — Wurtzite mold p-aluminum0.5 Ga0.5 N cladding layer 

29 — Wurtzite mold GaN contact layer 

30 — p lateral electrode 

31 — n lateral electrode 

40 — GaAs (111) substrate (sphalerite mold) 

41 — Sphalerite mold n-GaN layer 

42 — Sphalerite mold n-InGaN/n-AIGaN strained layer superlattice layer 

43 — Wurtzite mold n-GaN layer 

44 — Wurtzite mold n-AIGaN cladding layer 

45 — Wurtzite mold undoping InGaN barrier layer 

46 — Wurtzite mold p-AIGaN cladding layer 

47 — Wurtzite mold p-GaN contact layer 

48 — Current constriction layer 

49 — p lateral electrode 
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50 — n lateral electrode 

51 — Double hetero structured division 

71 — Sphalerite mold InGaN layer 

72 — Sphalerite mold AIGaN layer 
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